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A number of cytological studies have been carried out for Japanese pterido- 
phytes (cf. Mitui 1975, 1980), and about 80 species have so far been reported 
to be composed of intraspecific polyploids (Hirabayashi 1981). Some workers 
(Mitui 1965, 1966a, b, 1968, 1971a, b; Hirabayashi 1969, 1974; Takei 1974, 1978; 
Nakato 1976, 1981; Nakato & Mitui 1979; Masuyama 1979; Takamiya & Tanaka 
1982) have carried out comparative studies on the characteristics of intraspecific 
polyploids of some species. However, topics in each of these studies were not 
comprehensive but concerned with only a part of certain features of intraspecific 
polyploids, such as their external morphology, their distributional patterns, their 
breeding systems and so on. The intent of this series of studies is to treat as 
comprehensively as possible on intraspecific polyploids of a fern and thereby to 
contribute to the better understanding of the significance of polyploidization in 
pteridophytes. 

Lepisorus thunbergianus (Kaulf.) Ching was chosen for the study. This 
species is an epiphytic fern, which is widely distributed from Okinawa in south 
to Hokkaido in north. A certain amount of information has been obtained for 
the intraspecific polyploids of this species. By some cytological studies (Mitui 
1965, 1966a, b, 1968; Taker 1974, 1978), four cytotypes were detected in this 
species: diploids (2n = 50), triploids (2n = 75), tetraploids (2n = 100) and hyper- 
tetraploids (2n = 102). Morphological studies were carried out to show certain 
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differences in such micromorphological characters as stomata, scales and spores 
between the diploids and the tetraploids (Mitui 1966b, 1968, 1971a, b). Cyto- 
ecological studies were also made for this species and dissimilar distributional 
patterns were reported for the diploids and the tetraploids (Takei 1974, 1978). 

This paper deals with the last topic mentioned above, the dissimilar distri¬ 
butional patterns of intraspecific polyploids. As for this topic, two features of 
the diploids and the tetraploids are worthy of note. First, it was suggested by 
Mitui (1968) that the diploids occur more frequently in the coastal regions than 
in the inland regions, while the reverse is the case with the tetraploids. Takei 
(1974, 1978) confirmed this with the materials in Hiroshima Pref. and Oita Pref. 
Second, it was reported by Takei (1978) for the materials in Oita Pref. that 
diploids were often found at sunny and dried sites, while tetraploids at shady 
and humid sites, even when they occurred together in the same place. In this 
paper, more substantial data on these two features will be given and the occur¬ 
rence of new cytotypes will be reported on the basis of the materials covering 

over a wide area, Kanto 
districts. 

Materials and methods 

Materials were collected 
at 84 sites of 11 localities in 
Kanto districts (Fig. 1) in the 
winter months of 1981 and 
1982. Following environmen¬ 
tal conditions of habitats were 
checked for all materials : the 
altitude of habitat, the sort 
of substratum, the inclinatory 
angle and the exposure of the 
surface of substratum, the 
humidity of substratum, and 
the natural light requirement 
of material. The degree of the humidity of substratum was judged by the eye- 
measurement. The degree of the light requirement of material was estimated 
by the following expedient: a hemispherical picture was taken by the camera 
with fish-eye lens, which was set on the substratum, and the percentage of 



Fig. 1. Map showing the localities of materials in 
Kanto districts. 
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Tab. 1. Localities, chromosome numbers and some ecological aspects of materials. 


Collection 

site 

Somatic chromosome 
number (No. of 
materiels) 

Altitude 

of 

habitat 

Substratum 

Inclinatory 
angle of 
substratum 

Exposure 

of 

sub¬ 

stratum 

Humidity 
of sub¬ 
stratum* 

Openness 
rate of 
habitat** 

Tornioka 1 

100(1) 

200 m 

tree trunk 

85° 

E 

— 

<26% 

Tomioka 2 

100(1) 

150 m 

tree trunk 

S0°, 

N E 

— 

<18% 

Yorii 3 

102(1) . 

180 m 

tree trunk 

85° 

NW 

- 

23% 

Yorii 4 

102(1) 

180 m 

tree trunk 

80° 

NW 

- 

<20% 

Yorii 5 

100(1) 

180 m 

stone wall 

90° 

E 

± 

27% 

Yorii 6 

102(1) 

160 m 

stone wall 

60° 

NW 

— 

<30% 

Yorii 8 

100(1) 

120 m 

tree trunk 

80° 

N E 

- 

<31% 

Okutama 1 

50(1) 

210 m 

tree trunk 

90° 

S E 

- 

<27% 

Okutama 2 

50(2), 102(1) 

220 m 

stone wall 

S0° 

E 

- 

22% 

Okutama 3 

102(1) 

280 m 

stone wall 

60° 

E 

— 

53% 

Okutama 4 

102(1) 

310 m 

rock 

45° 

N 

+ 

41% 

Okutama 5 

50(2), 102(2) 

2S0 m 

tree trunk 

60° 

SW 

- 

<25% 

Okutama 6 

50(1), 100(1),102(1) 

340 m 

stone wall 

80° 

N E 

- 

41% 

Okutama 7 

.75(1),100(3) 

340 m 

tree trunk 

60° 

N E 

± 

<21% 

Okutama 8 

102(3) 

420 m 

rock 

40° 

E 

± 

17% 

Okutama 9 

102(2) 

420 m 

rock 

85 ° 

NE 

± 

17% 

Okutama 10 

102(3) 

440 m 

stone wall 

75° 

S E 

— 

31% 

Okutama 11 

101(1) 

350 m 

tree trunk 

80° 

W 

— 

19% 

Okutama 12 

100(1) 

330 m 

straw-thatched 

roof 30° 

W 

+ 

<37% 

Okutama 13 

* 102(1) 

440 m 

stone wall 

70° 

E 

— 

33% 

Kashiwa 1 

100(1) 

30 m 

tree trunk 

90° 

S E 

- 

<11% 

Kashiwa 2 

50(1) 

30 m 

tree trunk 

90° 

N 

- 

<14% 

Kashiwa 3 

100(1) 

30 m 

tree trunk 

90° 

SW 

- 

<16% 

Oyama 1 

100(1) 

780 m 

rock 

80° 

N E 

- 

<42% 

Oyama 3 

102(1) 

990 m 

tree trunk 

90° 

S 

- 

12% 

Oyama 4 

101(1) 

840 m 

tree trunk 

90° 

NW 

- 

<21% 


co 

co 
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Oyama 5 

50(1), 100(1), 102(2) 

680 m 

stone wall 

80° 

N 

+ 

<36% 

Oyama 6 

50(1) 

470 m 

tree trunk 

75° 

E 

— 

<27% 

Oyama 7 

50(1) 

420 m 

tree trunk 

90° 

S E 

— 

20% 

Oyama 8 

51(1) 

320 m 

tree trunk 

95° 

S 

— 

<51% 

Oyama 9 

50(1) 

320 m 

stone wall 

70° 

S 

± 

37% 

Oyama 10 

50(2) 

320 m 

stone wall 

65° 

N 

+ 

<48% 

Oyama 11 

50(1) 

190 m 

stone wall 

70° 

N 

— 

42% 

Oyama 12 

50(1) 

120 m 

stone wall 

90° 

NW 

+ 

17% 

Oyama 13 

50(2) 

120 m 

tree trunk 

90° 

NE 

± 

<34% 

Kamakura 1 

50(1) 

30 m 

stone wall 

70° 

N 

± 

<14% 

Kamakura 2 

50(1) 

20 m 

stone wall 

90° 

N 

— 

21% 

Kamakura 3 

50(2) 

20 m 

stone wall 

70° 

N 

+ 

<19% 

Kamakura 4 

50(1) 

30 m 

tree trunk 

95° 

NW 

— 

<18% 

Kamakura 5 

50(2) 

40 m 

tree trunk 

80° 

NE 

— 

<13% 

Kamakura 6 

50(1) 

50 m 

stone wall 

90° 

N 

+ 

<19% 

Kamakura 7 

76(1) 

50 m 

stone wall 

75° 

N 

— 

<21% 

Kamakura 8 

50(2) 

50 m 

tree trunk 

80° 

NE 

± 

<9% 

Kamakura 9 

100(1) 

60 m 

stone wall 

75° 

NW 

+ 

<31% 

Kamakura 10 

100(1) 

20 m 

stone wall 

90° 

N 

± 

<22% 

Kamakura 11 

50(1) 

10 m 

tree trunk 

90° 

SW 

— 

«16% 

Kamakura 12 

100(1) 

10 m 

stone wall 

85° 

E 

± 

<19% 

Minato 1 

76(1) 

10 m 

tree trunk 

90° 

NW 

— 

«36% 

Minato 2 

102(1) 

30 m 

stone wall 

90° 

S E 

— 

<10% 

Minato 3 

76(1) 

30 m 

tree trunk 

95° 

N 

— 

<44% 

Minato 4 

50(1) 

30 m 

tree trunk 

90° 

N E 

— 

«31% 

Minato 5 

100(1) 

50 m 

rock 

90° 

N 

± 

24% 

Minato 6 

50(1) 

50 m 

stone wall 

90° 

S E 

— 

11% 

Minato 7 

50(1) 

30 m 

tree trunk 

90° 

E 

± 

«36% 

Minato 8 

50(1) 

30 m 

tree trunk 

80° 

NE 

— 

«52% 

Mitsuishiyama 9 

50(1) 

130 m 

tree trunk 

130° 

N 

+ 

<11% 

Mitsuishiyama 10 

50(2) 

100 m 

tree trunk 

Co 

O 

E 

+ 

<18% 
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Mitsuishiyama 11 

50(3), 76(1) 

90 m 

tree trunk 

60° 

NW 

± 

«34% , 

to 

o 

o 

Mitsuishiyama 12 

50(1) 

90 m 

tree trunk 

60° 

NE 

± 

<33% 

Mitsuishiyama 13 

76(2) 

170 m 

tree trunk 

90° 

N 

— 

<36% 


Mitsuishiyama 14 

50(1) 

270 m 

tree trunk 

70° 

S E 

± 

<22% 


Mitsuishiyama 15 

50(1) 

280 m 

stone wall 

90° 

E 

— 

27% 


Mitsuishiyama 16 

50(1) 

100 m 

tree trunk 

90° 

S 

— 

<29% 


Kiyosumiyama 17 

50(1) 

30 m 

stone wall 

70° 

NE 

± 

«41% 


Kiyosumiyama 18 

50(1) 

50 m 

tree trunk 

135° 

S E 

— 

<16% 


Kiyosumiyama 19 

50(1) 

100 m 

stone wall 

80° 

SW 

— 

14% 


Kiyosumiyama 20 

50(1) 

100 m 

tree trunk 

70° 

N 

— 

<23% 

jai- 

Kiyosumiyama 21 

50(2) 

220 m 

tree trunk 

130° 

NW 

— 

<27% 


Kiyosumiyama 22 

50(1) 

220 m 

tree trunk 

85° 

E 

— 

14% 


Kiyosumiyama 23 

50(2) 

220 m 

tree trunk 

85° 

NE 

— 

15% 

n 

Kiyosumiyama 24 

50(1) 

220 m 

stone wall 

60° 

S E 

— 

18% 

Kiyosumiyama 25 

50(1) 

280 m 

tree trunk 

90° 

N 

— 

<35% 


Kiyosumiyama 26 

50(1) 

280 m 

rock 

90° 

S E 

— 

31% 

cn 

00 

Katsuura 1 

50(1) 

120 m 

tree trunk 

90° 

N E 

— 

<36% 

1# 

Katsuura 2 

50(1) 

10 m 

straw-thatched roof 

30° 

NW 

+ 

51% 


Katsuura 3 

50(1) 

40 m 

tree trunk 

85° 

W 

± 

20% 

un 

Katsuura 4 

50(1) 

20 m 

stone wall 

25° 

w 

± 

28% 

-o 

Ohara 5 

50(1) 

10 m 

tree trunk 

95° 

NE 

± 

19% 

41 

Ohara 6 

50(1) 

10 m 

tree trunk 

90° 

S 

— 

21% 


Ohara 27 

50(1) 

20 m 

tree trunk 

120° 

N 

— 

31% 


Ohara 28 

50(1) 

20 m 

concrete wall 

90° 

E 

± 

29% 


Ohara 29 

50(1) 

20 m 

stone wall 

90° 

E 

— 

<29% 

na 

Ohara 30 

50(1) 

20 m 

tree trunk 

80° 

S E 

— 

15% 

cn 

Ohara 31 

50(1) 

50 m 

tree trunk 

90° 

W 

- 

12% 

•ft 


* The symbols +, ± and — represent humid, moderate and dried condition, respectively. 

** The sign of inequality < or < is given for the case where deciduous trees covered the habitat to a 


certain degree or to a great degree, respectively. 
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the white part representing the sky to the whole of the picture (hereafter 
referred to as ‘openness rate’, a tentative term) was calculated basing on the 
enlarged picture. For the determination of somatic chromosome numbers of 
materials, root tips were pretreated with 0.002 M 8-hydroxyquinoline solution for 
about 3 hours, and fixed in 45% acetic acid for about 20 minutes. The fixed 
root tips were macerated with IN HC1 at 60°C for about one minute and squashed 
in 2% aceto-orcein. 

Results and discussion 

Cytotypes As listed in Tab. 1, 114 plants were examined for their somatic 
chromosome numbers and the following seven cytotypes were detected in this 
study (Fig. 2) : 2n = 50 (65 plants), 2n = 51 (1), 2n = 75(l), 2n = 76 (6), 2n = 100 
(17), 2n = 101 (2), and 2n = 102 (22). 

As readily seen in the results, the main cytotypes in Kanto districts are 
those of 2n = 50, 2n = 100 and 2n = 102. It may be notable that the cytotype of 
2n = 102 occurs rather frequently in Kanto districts. According to the data pre¬ 
sented by Takei (1974, 1978), the occurrence frequency of this cytotype in all 
the tetraploids was about 31% (17 plants out of 54) in Hiroshima Pref. and 
about 26% (16 out of 61) in Oita Pref. However, it attained to 54% (22 out 
of 41) in Kanto districts. Considering the fact that spores of this cytotype 
were all normal in shape (Fig. 3D), it seems probable that the cytotype of 2n = 
102 constitutes stable strains in Kanto districts as well as the cytotypes of 2n = 
50 and 2n = 100. 

Of the seven cytotypes detected in this study, the aneuploid cytotypes with 
2n = 51, 2n = 76 and 2n = 101 are recorded here for the first time. As seen in 
Fig. 3A, B and C, the spores of the plants of 2n=76 and those of 2n = 101 were 
entirely and partially abortive, respectively, though the spores of that of 2n = 51 
were almost normal in shape. A further study is necessary to account for the 
origin of these cytotypes. 

Distributions Data for the environmental conditions of habitat are given in 
Tab. 1. The study by Takei (1978) on L. thunbergianus of Oita Pref. showed 
that the diploids with 2n = 50 occurred frequently at sunny and dried sites, while 
the tetraploids with 2n = 100 and 2n = 102 at shady and humid sites. Such habitat 
preferences, however, were not observed in the materials of Kanto districts. 
As indicated by the data for the humidity of substratum (Tab. 1), the diploids 
with 2n = 50 were not always found at dried sites, and also the tetraploids with 
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Fig. 3. Spores of four cytotypes. A. 2n = 51. B. 2n = 76. C. 2n=101. D. 2n=102. 


Fig. 4. The openness rates of habitats of the materials in Okutama (A) and Oyama (B). The 
materials are divided into eight groups according to the exposure of the surface of substratum. 
Numerals in axes indicate the openness rate (%). 
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2n = 100 and 2n = 102 not always at humid sites. The case is similar as to the 
light requirement of the diploids and the tetraploids. In this study, the light 
requirement of material was represented expediently by the openness rate of 
habitat. It is possible to compare two plants for their light requirements in 
terms of openness rates of their habitats so long as the surfaces of substrata 
on which they grow are in the same exposure Fig. 4 shows the openness rate 
of habitat and the exposure of the surface of substratum for the materials 
collected in Okutama and Oyama. It is indicated by this figure that the diploids 
and the tetraploids in Kanto districts have no preference in respect to their 
light requirement, for there is no correlation between the ploidy and the openness 
rate; in the materials of Okutama, for example, openness rates of diploids are 
higher than those of tetraploids in NE group, while the reverse is the case in 
E and SE groups. The diploids and the tetraploids bear no preference also as to 
the sort of substratum and the inclinatory angle and the exposure of the sur¬ 
face of substratum, as indicated by the data in Tab. 1. 

In connection with these features, it is interesting to note that diploids 
and tetraploids sometimes occurred together even at the same site, as found in 
Okutama 2, 5 and 6 and Oyama 5 (Tab. 1). Recently, in their study on the 
populations of polyploid complex of Lycopodium clavatum, Takamiya & Tanaka 
(1982) have observed a successional change of populations and suggested that 
diploids and other polyploids form at first the mixed type populations, but later 
they come to separate from each other owing to their habitat preferences and 
establish the sole type populations at different sites. It seems that such a 
marked successional change of populations does not take place in L. thunber- 
gianus populations in Kanto districts, because habitat preferences were not ob¬ 
served in the diploids and the tetraploids in this area, as mentioned above. 

Fig. 5 shows diagramatically the horizontal and vertical distributions of the 
materials examined. Two major trends are indicated by this figure. First,, the 
diploids occurred dominantly in the coastal regions, as found in the materials of 
Ohara to Kamakura, while the tetraploids occurred frequently in the inland 
regions, as seen in the materials of Okutama to Tomioka. Takei (1974, -1978) 
also observed the same trend in the materials of Hiroshima Pref. and Oita Pref. 
Second, as seen in the materials of Okutama- and Oyama, diploids occurred fre¬ 
quently at the sites of low altitude, - while tetraploids at the sites of higher 
altitude. These trends as to the distributional patterns seem to indicate that, 
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Fig. 5. Horizontal and vertical distributions of materials. 


in L. thunbergianus, the derived cytotypes, i. e. the tetraploids, have a tendency 
to occupy the colder climatic regions, while the original cytotypes, i. e. the 
diploids, the warmer climatic regions. Substantial data for this view will be 
given in the subsequent papers. 

We are indebted to Dr. Hirosi Ito, Emeritus Professor of Tokyo Kyoiku 
University, for his encouragement in publishing this series of studies. 
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